Objective : Ischemic postconditioning (IPostC), consisted of transient brain ischemia/reperfusion cycles, is considered to have neuroprotective effect. However, there is no best single protocol of IPostC, because varied factors like species tested and characteristics of the tissue may affect the efficacy of IPostC. Thus, we investgated whether different protocols of IPostC affect neuroprotective effects in experimental animal models.
INTRODUCTION
A cerebral vascular accident also known as stroke is the second leading cause of death worldwide and well known for the major cause of acquired disability. 1) Despite of the high mortality and morbidity caused by stroke, efficient clinical treatments remain limited at present. The only approved treatment for acute ischemic stroke is the injection of alteplase via intra-venous within 4.5 hours, 12) yet this acute injury is followed by inevitable ischemia/reperfusion injury. Thus, it is still an urgent task for many physicians to develop novel treatments to improve the outcomes in patients with acute ischemic stroke.
The concept of ischemic postconditioning (IPostC) refers to the performance of short cycles of ischemia followed by short cycles of reperfusion immediately after ischemia. 27) Most, but not all experimental studies investigating
IPostC have demonstrated protective effects of IPostC.
However, there is no consensus in the literature between different organs, because cell metabolism might influence the optimal number of cycles and their ischemic duration. It is well known that short cycles of IPostC are more neuroprotective than long cycles.
2)4)17)21)27)
However, other differences in the IPostC protocol may also be important in many clinical settings, especially regarding the number or duration of IPostC cycles. 11)13) 19) In clinical experiments, the duration of occlusions, the effect of the number of cycles, and the effector organ mass on the cardioprotective efficacy of remote IPostC remains unknown largely and too much conditioning, termed 'hyperconditioning', with an excessive number of conditioning cycles has been shown to exert detrimental effects.
23)
Therefore, we investigated the effect of the number of cycles and the ischemic duration within each
IPostC and the infarction mass size on the efficacy of neuroprotection. Furthermore, the long-term effect of IPostC on neuroprotection was evaluated through the functional neurological score.
To evaluate effect of the number of cycles and the duration of each cycle on the effectiveness of IPostC, this study was designed.
MATERIALS AND METHODS

Study design
This study was classified into 3 sub-studies as de- and maintained with 1% to 2% isoflurane throughout the duration of surgery. The core temperature of body was checked by using a rectal probe and kept constant at 37 ± 0.5°C with a surface warming pad for the entire surgery. Focal ischemia was produced as previously described with slight modifications. 24) Using the operating microscope, exposure of left common carotid artery (CCA) and external carotid artery 
Measurement of infarction sizes
The mice were sacrificed three days after stroke, the volume of infarction was evaluated using 2,3,5-triphenyltetrazolium chloride (TTC) staining, and determined as a percentage of the contralateral hemisphere using the following formula: (contralateral hemispheric volume -ipsilateral non-infarcted hemispheric volume / contralateral hemispheric volume) × 100%.
Functional neurological scores (FNS) assessment
FNS were assessed using a 28-point neuroscore test 9) that was carried out by an experimenter who was blinded to the experimental groups at 1, 2, 3, 5, 7, 10, and 14 days. The mice were evaluated in seven tests.
These tests include body symmetry, gait, climbing at angle of 45 degrees, circling behavior, front limb symmetry, compulsory circling and whisker response. The 5-point scale (0 to 4) was used in each test. The total score was calculated by sum of individual test score.
15)
Silver staining for the long-term effects of IPostC TTC staining is not suitable for measuring the infarction size in the chronic stages of stroke because the borderline between the infarcted and normal brain is not clear due to live mitochondria. The silver staining is a modified neurofibril staining method.
6)22)
For silver staining, a silver impregnation solution shaken vigorously for 1 minute was prepared and then slides were submerged into the solution for 2 minutes. The slides were then washed in distilled water six times for 1 minute before they were moved into developer solution which was shaken vigorously for 3 minutes. After washing the slides three times for 1min in distilled water, they were dried in air. The preparation procedures and composition of the developer solution and impregnation were as follows.
Impregnation solution (90 mL)
In 5 
Statistical analyses
All data were presented as mean ± scanning electron microscope. Data was analyzed using GraphPad Prism (GraphPad Software, San Diego, CA, USA). tochondrial dehydrogenases ( Fig. 2A, 3B ).
The difference in infarct size was still observed 14 days after the stroke, as estimated by silver staining (used to identify degeneration of neurons and axons; Fig. 4A ). The IPostC group had smaller infarction size, compared to control (32.82 ± 4.54% vs. 24.34 ± 3.24%, p = 0.02; Fig. 4B ). The FNS in the IPostC group were much better than control group, especially at the acute stage (days 1, 2, and 3). The difference in scores between the two group was reduced after day 5 (Fig. 4C ).
DISCUSSION
IPostC is described in many clinical or experimental researches as a simple and safe method to enhance protective effect against ischemia/reperfusion injuries to various organs, such as the brain, spinal cord, heart, liver, kidney, lung, intestine and skeletal muscle. 
The limitation of this study
We only studied whether different protocols of IPostC affect neuroprotective effects in experimental animal models. Therefore, the weakness of this observational study is that the novelty of study methods should be improved, and mechanistic study should be added in the future.
CONCLUSION
The effects of IPostC are definitely affected by differences in the protocol used, including the number of cycles, the duration of individual ischemia/reperfusion episode and the entire duration of the IPostC stimuli.
However, the different features of distinct tissues should be considered when designing an optimal working IPostC protocol for the protection of a certain organ against ischemia/reperfusion insults.
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